fWd PCTZBXO 1 2 iWttNSH S" 2- 



(12) international^Lication published under the patent cooperation treaty cpcd 

(19) World InteUectual Property >^^v ^0^541952 

Organization /^sSfDr^^ 
international Bureau H I QUI Infill ff CINI ff|)[ |||ff |f|| f fJ f/f llfll Iffll ||!|| flf!) 11111111/ U||f [J |||] f[|j fff j 




(43) International Publication Date 

29 July 2004 (29.07.2004) PCT 



(10) International Publication Number 

WO 2004/063101 Al 



(51) International Patent Classification 7 : C02F 9/00 

BO ID 53/68 

(21) International Application Number: 

PCT/GB2004/000100 

(22) International Filing Date: 12 January 2004 (12.01.2004) 

(25) Filing Language: English 

(26) Publication Language: English 
(30) Priority Data: 

0300793.7 14 January 2003 (14.01.2003) GB 

0321579.5 15 September 2003 (15.09.2003) GB 

_ (71) Applicant (for all designated States except US): THE 
= BOC GROUP PLC [GB/GB]; Chertsey Road, Windle- 

| sham, Surrey GU20 6HJ (GB). 

| (72) Inventor; and 

\ (75) Inventor/Applicant (for US only): MAWLE, Peter, 
| James [GB/GB]; Tregunter, Charlcombe Lane, Bath BA1 

j 5TT (GB). 

j (74) Agent: BOOTH, Andrew, Steven; The BOC Group Pic, 
: Chertsey Road, Windlesham, Surrey GU20 6HJ (GB). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH CN 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES Fl' 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS JP, Ke' 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,W 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ OM PG 
PH, PL, FT, RO, RU, SC, SD, SB, SG, SK, SL, SY, TJ TM 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, Zm' 

zw. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW)' 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE BG, CH, CY, CZ, DE, DK, EE, ES, FL FR 
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI SK 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GO GW 
ML, MR, NE, SN, TD, TG). 

Published: 

with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



\ (54) Title: TREATMENT OF CHEMICAL WASTE 



m 
o 

•^j- essentially 





o 



Z2££Z£J1 loot £ mL^T, ' 8aS TK S ChemiCaJ W3Ste iS Pro " ded " W3ter is -"tinuously circulated through an 

> ^Sil Sn ^ I- lncor P^ ates a scrubbing unit and an ion absorption unit. The ion absorption unit comprises a water 
permeable on absorbing means. The exhaust gas or a reaction product thereof is then fed to the gas scrubbing uni< for Solution 
waer £ cot £ Tl*"?^ *° ^ " aqUe ° US i0 " ic ******* derived The circulating 



:T7GB2004/000100 



TREATMENT OF CHEMICAL WASTE 
This invention relates to the treatment of toxic and/or 
environmentally hazardous or harmful materials and more especially to 
the treatment of exhaust gases arising from various chemical 
processes. 

The chemical processing industry in general generates vast 
quantities of by-products and waste materials many of which represent ■ 
environmental hazards and which must be neutralised or destroyed as 
an essential part of their ultimate disposal. The oil and gas processing 
industries, for example, invest heavily in plant and equipment designed 
specifically to prevent or minimise the release of harmful largely 
organic materials into the environment. The microelectronics and 
semi-conductor device manufacturing industries for example make 
similar investments in order to scrub or otherwise treat exhaust gas 
streams containing generally inorganic materials from chemical 
processing units prior to the release of those exhaust gases into the 
atmosphere. Compounds containing heavy metals and halogen-, 
sulphur-, phosphorus- and nitrogen- containing compounds can be 
especially toxic and their removal is the subject of a considerable 
amount of technical research and of much environmental protection 
legislation. 

In many cases even dilute solutions or suspensions of such 
hazardous materials cannot be legally discharged. For example, the 
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• legal limit for aqueous HF discharge can be as low as 3 ppm. 
Nevertheless, huge quantities of not only HF but also other aqueous 
acids such as HCI, HN0 3 and H 2 S0 4 continue to be generated by 
traditional scrubbing and other absorption systems. The discharge of 
5 such aqueous acids therefore involves the use of enormous quantities 
of fresh water to restrict acid concentration. For example, a closed 
loop scrubbing - system for absorbing HF from an exhaust gas, 
operating at a recirculation rate of 25 l/min, will generally consume 
about 6 I/min of fresh water in order to maintain fluoride ion 

10 concentrations at an acceptably low level in the recirculating water. 
This discharge concentration can be as high as 4000 ppm in which 
case significant further dilution or treatment will be necessary. 

Ion exchange techniques offer an alternative route for the 
capture and eventual disposal of many toxic and other hazardous 

15 materials.- However, many ion exchange materials are insufficiently 
selective to be truly efficient. Additionally, an ion exchange material 
that is loaded with captured ions must be regenerated by back- 
washing which in turn involves the use of further potentially hazardous 
chemical species. 

20 A more recent development is that of a technique known as 

electrochemical deionisation which is described in European Patent 
No. 0680932. Briefly, that technique involves the use of a combination 
of an electrochemical cell and an ion absorbing material in which ions 



:T/GB2004/000100 



3 

captured on the absorbing material are transported through that 
material under the influence of an applied electric field to emerge in an 
eluate zone whence they are removed. That procedure appears to 
have a good efficiency but is described in the context of the solution to 
be treated making only a single pass through the electrochemical 
deionisation device. 

The present invention seeks to provide a method which is 
capable of continuously removing anionic and/or cationic species from 
an aqueous solution circulating in a closed loop system, such as that 
referred to above incorporating a gas scrubbing unit, without the need 

for regeneration or other chemical or physical revitalisation of the 

separation medium. 

The present invention provides in a first aspect a method for the 

treatment of gaseous chemical waste which comprises the steps of: 

continuously circulating water through an essentially closed loop 

incorporating a gas scrubbing unit and an ion absorption unit 

comprising a water permeable ion absorbing means; 

feeding exhaust gas or a reaction product thereof to the gas 

scrubbing unit for dissolution in the circulating water thereby to form an 

aqueous solution containing ionic species derived from the exhaust 

gas; 

continuously bringing the circulating water into contact with the 
ion absorbing means in the ion absorption unit while applying an 
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electrical potential across the thickness of the ion absorbing means 
and removing from the ion absorption unit a more concentrated 
aqueous solution of the ionic species; and 

continuously adding to the closed loop a quantity of water . 
corresponding to the quantity of aqueous solution of the ionic species 
removed from the ion absorption unit. 

In one preferred embodiment the ion absorbing means may 
comprise a water permeable layer of an ion absorbing material and the 
continuously circulating water is brought into contact with one surface 
of the layer of ion absorbing material in the ion absorption unit and the 
more concentrated aqueous solution of the ionic species is removed 
via the other surface of the layer. 

In another preferred embodiment the ion absorbing means may 
comprise a water permeable zone of an ion absorbing material. 

The present invention provides also in a second aspect 
apparatus for use in carrying out such a method, comprising 

an essentially closed loop circulation system containing a gas 
scrubbing unit and an ion absorption unit comprising a water 
permeable ion absorbing means and means for enabling an electrical... 
potential to be applied across the thickness of the ion absorbing 
means; 

a pump for continuously circulating water around the closed loop; 
an inlet for exhaust gas or a reaction product thereof into the gas 



WO 2004/063101 




:T/GB2004/000100 



5 

scrubbing unit; 

an inlet for water into the closed loop circulation system; and 

an outlet for a concentrated aqueous solution of ionic species 
from the ion absorption unit. 
5 The apparatus may include also within the closed loop circulation 

system one or more heat exchangers and/or filters, hydrocyclones and 
similar devices to remove from the circulating solution -any 
particulate/suspended solid matter. 

In one preferred embodiment the ion absorbing means may 
10 comprise a water permeable layer of an ion absorbing material. 

In another preferred embodiment the ion absorbing means may 
comprise a water permeable zone of an ion absorbing material. 

The exhaust gas is the gaseous effluent or by-product(s) from 
any production procedure and the safe djsposal of which or of a, ; 
15 component of which is to be achieved. If the exhaust gas or the 
relevant component thereof is in a form suitable for dissolution in water 
and for subsequent treatment according to the method of the invention, 
then preliminary treatment of the exhaust gas may be unnecessary. 
For example, when the exhaust gas itself contains oxides , of 
20 phosphorus, the gas scrubbing unit serves to effect dissolution of 
those oxides of phosphorus to produce aqueous phosphates and/or 
phosphites. 

In the alternative, when the exhaust gas contains water-insoluble 
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materials such as fluorocarbons or CFCs, it will be necessary to 
employ a combustor, plasma reactor or other reaction unit in order to 
convert those water-insoluble materials into water-soluble form. 
Fluorocarbons, for example, may be converted into HF in this manner, 
and HF dissolves readily in water in the gas scrubbing unit to generate 
hydrofluoric acid. 

The-ion absorbing materials serve to capture the ions of interest 
and are preferably ion exchange materials such as ion exchange resin 
in the form of particles or beads or other materials that can provide: 

a solution permeable medium; 

an ion adsorption medium (to remove the anions or cations); 

an ion conducting medium whereby the ions may be moved by 
the imposed electrical field into a separate solution. 

The particles or beads of the resin are preferably in a coherent 
form, that is to say they are not mobile or loose, but are constrained in 
a predetermined configuration. For example, the particles or beads 
may be bound together with a binder or held between layers of a mesh 
or membrane, so as to be permeable to the aqueous solution 
containing the ions. The electrical potential which is applied across, 
for example, the thickness of the layer of ion absorbing material serves 
to drive the captured ions through the ion absorbing material towards 
one or other of the electrodes through which the potential is applied. 
The electrical potential may be generated from a pair of electrodes 
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arranged to form an electrolysis cell or by any alternative arrangement, 
for example in the form of an electrophoresis cell. 

It has been found that using the method and apparatus according 
to the invention, it is possible to effect continuous separation of anions 
and/or cations within a closed loop circulation system such as that 
used for gas scrubbing, without any need for regenerating or 
periodically -replacing the ron absorbing means: The efficiency of the" 
method and apparatus will depend upon the nature of the ion 
absorbing means and of the ion or ions to be captured, the 
concentration of the ion or ions in the solution and other factors such 
as flow rates and electrical potential but initial indications are that ion 
extraction rates of up to 98% per pass can be achieved. 

With such high extraction rates, the removal of acid cations such 
as F, SO4 2 " and NO3" will have a dramatic effect upon improving the 

service life of the equipment in the circulation system, such as pumps, 

meters, valves and baffles. 

The method of the invention is applicable to a wide variety of 

cationic species such as sulphate, sulphite, nitrate, nitrite, phosphate, 

phosphite and halides, that is to say fluoride, chloride, bromide and 

iodide, as well as anionic species, especially metals and more 

especially heavy metals. 

The invention does, however, have particular applicability to 

fluoride such as that generated as a by-product of the semi-conductor 
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manufacturing industry and which produces aqueous hydrofluoric acid 
as a result of reaction followed by dissolution in a gas scrubbing unit. 

It has unexpectedly been found that the ions stripped from the 
aqueous solution do not re-enter the aqueous circulation stream that 
5 continues to flow, for example, across the surface of the ion absorbing 
material. Although the gas scrubbing operation will generally be 
carried' out on a continuous basis, the acid' content of the gas-entering 
the scrubber may be variable and may often be totally absent. This 
means that the fluoride ion content of the water passing across the 
10 surface of the ion absorbing material is correspondingly variable. The 
fact that the captured ions are transported away from the surface of 
the ion absorbing material under the influence of the applied electrical 
potential removes those ions from being resolubilised by the water,. 
This represents a significant improvement in ion absorption efficiency. . 
15 Compared to the example given above of a closed loop gas 

scrubbing system resulting in aqueous HF operating at a recirculation 
rate of 25 l/min and consuming about 6 l/min fresh water, a similar 
system incorporating the features of the present invention has been 
shown in initial trials to be capable of achieving up to a . 30-fold 
20 reduction in the fresh water requirement. 

The invention is described below in greater detail by way of 
example only with reference to the accompanying drawings, in which: 
Figure 1 is a schematic representation of a closed loop 



WO 2004/063101 




:T/GB2004/000100 



9 

recirculation gas treatment apparatus known from the prior art; 

Figure 2 is a schematic representation of a closed loop 
recirculation gas treatment apparatus according to the invention; 

Figure 3 is a schematic representation of an example of an 
5 electrochemical cell which may be used in the apparatus shown in 
Figure 2; and 

Figure 4 is a schematic representation of a further example of. an 
electrochemical cell which may be used in the apparatus, shown in 
Figure 2. 

10 Referring to the drawings, in Figure 1 there is shown a schematic 

representation of a conventional gas treatment unit for exhaust gases - 
from a semi-conductor device manufacturing plant. The exhaust gases 
may contain many and varied species including halogen-, phosphorus- 
, silicon- and boron-containing compounds. The exhaust gases or the 

15 products of their preliminary reaction, for example HF in the case of 
fluorine-containing compounds, enter the gas scrubbing unit 3 through 
line 4 where they are brought into intimate contact with water entering 
through line 2. Line 2 forms part of a closed loop circulation system 1 
which includes a pump 5 for the forced circulation of water around the 

20 loop, together with a line 6 through which aqueous HF can be drained 
from the system and a line 7 through which corresponding amounts of 
fresh water may be admitted to the loop. The circulation system 1 may 
also include one or more other conventional items, for example filters, 
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hydrocyclones, heat exchangers, meters, gauges and valves. The gas 
scrubbing unit 3 will contain packing, baffles, cyclones and/or similar 
means, to optimise liquid/gas surface contact in order to promote 
dissolution of gas in the aqueous liquid; such scrubbing technology is 
5 well known in the art and does not need to be separately described 
here. 

In~an example of conventional operation; 200 slpnrr of an exhaust 
gas containing 2,000 seem C 2 F 6 is stoichiometrically converted into HF 
(12,000 seem HF) which enters the gas scrubbing unit 3 through line 4 

10 and contacts water entering through line 2 at a rate of 25 l/min and -is 
dissolved in that water. Up to 400 ppm HF will usually be dissolved in 
the aqueous stream in this way although concentrations as high as 
4000 ppm HF can be achieved by higher input gas flows and 
prolonged recirculation of the liquid. Undissolved gas is typically 

15 discharged from the scrubber to the atmosphere. Fresh water is 
admitted to the loop through line 7 at a rate of 6 l/min and aqueous 
acid is withdrawn through line 6 at a corresponding rate. The 
withdrawn acid will have a HF content dependent upon gas input and 
will present serious problems of disposal. 

20 Referring now to Figure 2, the system shown is in accordance 

with the invention and is generally similar to that shown in Figure 1 in 
that the closed loop 1 includes a gas scrubbing unit 3 and a pump 5. 
In this case, however, the loop incorporates also an acid removal unit 
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8. An example of a suitable acid removal unit is described in greater 
detail below but in trials it has been shown to be capable of 
generating 0.1-0.2 l/min (approximately 200 l/day) aqueous 0.7-1 .2M 
HF from a continuous input at 25 slpm of 400-500 ppm HF giving a 
continuous liquid output of 10-30 ppm HF. As a consequence, the 
aqueous liquid entering the gas scrubbing unit contains much less 
dis'solved-HF, thereby rendering- HF absorption in^the gas scrubbing 
unit more efficient. Also, the HF concentration in the circulating liquid 
in the loop can be maintained at a lower level than hitherto, thereby 
improving the service life of the equipment. Moreover, the reduced 
volume of generated material, in this case 0.7-1 .2 M hydrofluoric acid 
is usable as such and its disposal does not therefore present a 
problem. 

Turning now to Figure 3 of the drawings, there is shown an 
example of an electrochemical cell suitable for incorporation into the 
closed loop of the apparatus shown in Figure 2, for separating HF from 
the circulating acid solution. The cell is in fact very similar to that 
described in European Patent No. 0680932, referred to above. 

The electrochemical cell 10 shown in Figure 3 of the . drawings 
comprises an electrode assembly 1 1 and a housing 21 which together 
define a compartment 12. The electrode assembly 11 comprises a 
current feeder 13 in contact with an electrode contact 20 and is 
embedded in a permeable layer 14 of particulate ion exchange resin 
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bound together with a binder within a housing 1 5 and presenting front 
and rear surfaces 16 and 17. The rear surface 17 is adjacent but 
slightly spaced from a wall of the housing 15 which in turn includes a 
vent 18 and an elution port 19. The housing 21 includes an inlet 24 
and an outlet 25 for the circulating aqueous liquid and includes a 
counter electrode 26 in contact with an electrode contact 27. 

rn orderlo remove fluoride and nitrate ions from- the circulating- 
liquid in the closed loop system, the permeable layer 14 will include a 
weak anion exchange resin. The circulating solution of fluoride and 
nitrate passes through compartment 12 via the inlet 24 and outlet 25 
and within the cell it contacts the front surface 16 of the ion exchange 
layer 14 and the counter electrode 26. An electric potential between 
the feeder 13 (anode) and the counter electrode 26 (cathode) 
generates H + at the feeder 13. Those hydrogen ions move towards the 
counter electrode 26 and interact with and activate the anion exchange 
resin in the layer 14. The fluoride and nitrate ions in the solution move 
into the layer 14 where they are adsorbed onto the activated ion 
exchange resin and in which they move under the influence of the 
applied potential towards the rear surface 17. This enables more 
fluoride and nitrate ions to be adsorbed at the front surface 14 to 
permit continuous removal of those ions from the aqueous solution 
circulating through cell 10. Water from the solution also permeates the 
layer 14 and flows towards the rear surface 17 whence it and the 
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captured fluoride and nitrate ions collect to be removed through the 
elution port 19 as aqueous hydrofluoric/nitric acid. 

Figure 4 illustrates an alternative example of an electrochemical 
cell that may be incorporated into the closed loop of the apparatus 
5 shown in Figure 2. The electrochemical cell 30 shown in Figure 4 
comprises an electrode assembly 36 and an electrode assembly 31 
spaced apart- by a dividing -section "32 which incorporates an inlet port 
33 and an outlet port 35 for aqueous solution. The electrode 
assemblies 36 and 31 and dividing section 32 together define a 

10 solution compartment 37. 

The electrode assemblies are separated from the solution 
compartment by suitable ion permeable membranes, 41 and 42 that 
allow cations to move into a cathode compartment 34 and anions to 
move into an anode compartment 40. The anode compartment 40 

15 contains an anode 41 and the cathode compartment 34. contains a 
cathode 39. 

Catholyte solution can be introduced and removed from the 
cathode compartment 34, through ports 43 and 44 and anolyte solution 
can be introduced and removed from the anode compartment 40, 
20 through ports 45 and 46. The solution compartment 37 is filled with 
suitable ion exchange material for the anions and cations to be 
adsorbed. 

In the case of aqueous solutions of fluoride or other anions e.g. 
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nitrate passing through the compartment 37 via inlet 33 and outlet 35 
within the cell these ions are adsorbed onto the resin. An electrical 
potential between the electrodes 38 and 39 causes fluoride or other 
anions adsorbed on the resin to pass through the ion exchange layer 
5 to membrane 41 and through that membrane into the anode 
compartment 40, generating concentrated fluoride or other anion 
solutions in the anode compartment. The input aqueous solution 
depleted in fluoride or other anions flows out of the cell through outlet 
port 35. 

10 It will be understood that this alternative example of an ion 

adsorption unit consisting of ion exchange material is, in operation, 
self-regenerating in that it effectively transports the captured cations 
and/or anions through its bulk for discharge as a concentrated 
aqueous solution, and will regenerate to its hydrogen or hydroxide 

15 form when no other cationic or anionic species is. present. Such an 
electrically regenerating ion exchange unit is known as an ERIX unit. 
Such units may comprise many ion removal and concentration 
channels in parallel and will be known to those skilled in the art. 
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CLAIMS : . . 

1. A method for the treatment of gaseous chemical waste 
which comprises the steps of: 
5 continuously circulating water through an essentially closed loop 

incorporating a gas scrubbing unit and an ion absorption unit 
comprising-a' water permeable ion absorbing means; 

feeding exhaust gas or a reaction product thereof to the gas 
scrubbing unit for dissolution in the circulating water thereby to form an 
10 aqueous solution containing ionic species derived from the exhaust 
gas; 

continuously bringing the circulating water into contact with the 
ion absorbing means in the ion absorption unit while applying an 
electrical potential across the thickness of the ion absorbing means 
15 ',and removing from the ion absorption unit a more concentrated 
aqueous solution of the ionic species; and 

continuously adding to the closed loop a quantity of water 
corresponding to the quantity of aqueous solution of the ionic species 
removed from the ion absorption unit. 

20 

2. A method according to claim 1 , wherein the ion absorbing 
means comprises a water permeable layer of an ion absorbing 
material. 
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3. A method according to claim 2, wherein the continuously 
circulating water is brought into contact with one surface of the layer of 
ion absorbing material in the ion absorption unit and the more 

5 concentrated aqueous solution of the ionic species is removed via the 
other surface of the layer. 

4. A method according to claim 1 , wherein the ion absorbing 
means comprises a water permeable zone of an ion . absorbing 

10 material. 

5. A method according to any preceding claim, wherein the 
exhaust gas or the reaction product thereof is fed continuously to the 
gas scrubbing unit. 

15 

6. A method according to any of claims 1 to 4, wherein the 
exhaust gas or the reaction product thereof is fed intermittently to the 
gas scrubbing unit. 
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7. A method according to any preceding claim, wherein the 
exhaust gas or the reaction product thereof contains HF and the ionic 
species is F. 
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8. A method according to any preceding claim, wherein the 
exhaust gas or the reaction product thereof contains HCI and the ionic 
species is CI". 

5 9. A method according to any preceding claim, wherein the 

exhaust gas or the reaction product thereof contains oxides of nitrogen 
and the ionic species is N0 3 . 

10. A method according to any preceding claim, wherein the 
10 exhaust gas or the reaction product thereof contains oxides of sulphur 

and the ionic species is S0 4 2 \ 

11. A method according to any preceding claim, wherein the 
exhaust gas or the reaction product thereof contains oxides of 

15 phosphorus and the ionic species is P0 4 3 ". 

12. Apparatus for use in carrying out the method of claim 1, 
comprising 

an essentially closed loop circulation system containing , a gas 
20 scrubbing unit and an ion absorption unit comprising a water 
permeable ion absorbing means and means for enabling an electrical 
potential to be applied across the thickness of the ion absorbing 
means; 
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a pump for continuously circulating water around the closed loop; 
an inlet for exhaust gas or a reaction product thereof into the gas 
scrubbing unit; 

an inlet for water into the closed loop circulation system; and 
5 an outlet for concentrated aqueous solution of ionic species from 

the ion absorption unit. 

13. Apparatus according to claim 12, wherein the ion absorbing 
means comprises a water permeable layer of an ion absorbing 

10 material. 

14. Apparatus according to claim 12, wherein the ion absorbing 
means comprises a water permeable zone of an ion absorbing 
material. 

15 

15. Apparatus according to any of claims 12 to 14, which 
comprises also within the closed loop circulation system one or more 
heat exchangers, filters and/or hydrocyclones. 
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